We investigate the dynamical gauge-Higgs unification in the Randall-Sundrum (RS) space-time.
I. INTRODUCTION
The standard model has been in good agreement with current experimental data. The origin of the electroweak symmetry breaking, however, has not yet confirmed. As an alternative to the Higgs mechanism, the electroweak gauge-Higgs unification (EWGHU) has been considered for many years (for early works, see [1, 2, 3] ). In the EWGHU, the Higgs field is regarded as an extra-dimensional component of the gauge field in higher-dimensional space-time. If the gauge group is non-Abelian and the spatial extra dimension is multiplyconnected, then the gauge symmetry can be broken by the non-Abelian Wilson line phase in the extra dimension (i.e., broken through the Hosotani mechanism) [4, 5] . Furthermore, such Wilson line phases can be dynamically induced [4, 6, 7] . One can define the effective potential with respect to the Wilson-line phases. The Wilson-line phases are dynamically selected as the phases that minimize the effective potential. This dynamical mechanism of the gauge-symmetry breaking by Wilson-line phases is referred as the dynamical gauge-Higgs unification. In the dynamical gauge-Higgs unification, both of the size of the mass and the magnitudes of the effective potential are almost of the order of size of the extra dimensions.
Therefore, since possibilities of the TeV-scale extra dimensions are pointed out [8, 9] , the EWGHU scenario has been extensively studied in the context of the dynamical gauge-Higgs unification [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27] .
However, in the construction of a realistic model of the EWGHU in the flat extra dimension, we encounter several obstacles. To see this, let us consider the models with "flat extra dimensions". Here models with flat extra dimensions are models such that (i) Extra dimensional space has vanishing curvature (e.g., a circle S 1 or n-torus T n ).
(ii) The metric of the spacetime is assumed to be "factorizable", in other words, the metric of the four-dimensional space-time can be independent of coordinates of extra dimensions. The obstacles we will see in these models are as follows.
(a) In models of the EWGHU with dynamical gauge-Higgs unification in a flat extra dimension, we obtain too small Higgs mass. In [17] (b) In models of the EWGHU in the flat extra dimension, the mass of the quarks and leptons tend to be universal and the mixing matrix of quarks to be diagonal, because the gauge coupling constant yields the "Yukawa couplings" of fermions to the Higgs in the gauge-Higgs unification. Therefore, it needs some other mechanisms to induce large mass hierarchy and mixings among fermions.
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(c) In the models in the flat extra dimension, one of the simplest way to give different masses to fermions is to assign the different bulk mass term to each fermion. Then, in the EWGHU the mass of the lowest Kaluza-Klein (KK) mode of such a bulk fermion is estimated to be θ 2 /R 2 + m 2 f , with the Wilson line phase θ, compactification radius R and bulk mass of the fermion m f . Thus, a fermion with larger (smaller) bulk mass can be heavier (lighter) in the four dimensional effective theory. Since the effective potential decrease in size with increasing the bulk mass of the fermion [10] , it lead us to an odd conclusion: a light fermion (e.g., up-,down-quark or electron) has large contribution to the effective potential of the Higgs. The low energy dynamics of the EWGHU in the flat extra dimension looks very different from 4D models of the electroweak symmetry breaking by the Coleman-Weinberg (CW) mechanism [28] .
In recent years, models of electroweak gauge-Higgs unification in the Randall-Sundrum (RS) space-time [29] have been extensively studied [30, 31, 32, 33, 34, 35, 36, 37] . We first summarize the merits of the dynamical gauge-Higgs unification in the RS space-time. They are (A) The hierarchy between electroweak and a larger scale (e.g., the Planck scale) are explained by the nature of the RS space-time [29] 3 , whereas the quadratic divergence of the Higgs mass is absent due to the higher-dimensional gauge symmetry [4, 10, 21] .
(B) The extra dimension of the RS has the orbifold topology S 1 /Z 2 . On such space-time,
we can naturally obtain the chiral structure of fermions by boundary conditions at the 1 Ways of pushing up the Higgs mass by fine-tuning of the Wilson-line phase are studied in [22] .
2 Some ways to obtain the Yukawa hierarchy in the gauge-Higgs unification are discussed in [19, 26] . 3 Attempts to obtain the large hierarchy within the framework of the flat extra dimension are seen in [22, 23] .
fixed points. Z 2 projection also yields the Higgs field in the fundamental representation of SU (2) w from the gauge field in the adjoint representation of a gauge group which includes the SU(2) w × U(1).
(C) In the RS space-time, we can obtain large mass differences among fermions by tuning bulk mass parameters of fermions of order of unity [38] . In the same way we can obtain large mass hierarchy among fermions in the EWGHU in the RS space-time [34] .
(D) The mass of the Higgs will be lifted up to a few hundred GeV when we consider the dynamical gauge-Higgs unification in the RS space-time [33] .
(E) When we implement the standard model in the RS space-time, the Higgs field (i.e., the 5th-dimensional component of the gauge field) is naturally localized on the TeV brane.
We note that such a localization of the Higgs on the TeV brane is usually required in the context of the 5D extension of the standard model in the RS space-time [39, 40, 41] .
The dynamical gauge-Higgs unification in the Randall-Sundrum space-time is first considered in [30] and effective potential by fermion without bulk mass is evaluated in it. An appropriate form of the background gauge in the RS space-time and the calculation of the effective potential from gauge-ghost loop is studied in [31] . The phenomenological studies of the EWGHU in the RS space-time are seen in [32, 33, 34, 35] . We note that there are series of works [36] , based on the AdS/CFT dual or "holographic" picture [42] . The Wilsonline dynamics in the warped extra dimension has also been studied in [37] by means of the dimensional deconstruction [43] .
In the present paper we investigate the dynamical gauge-Higgs unification in the RandallSundrum space-time. The aim of the present paper is the following threefold. First, we evaluate the effective potential of Wilson line and discuss the gauge symmetry breaking by the dynamical gauge-Higgs unification and to evaluate the mass of the Higgs field. Especially we are interested in the one-loop effective potential for the loop of fermion with a bulk mass term. Second, we make clear the relation between the fermion mass spectrum and the effective potential in this model. In the case of warped extra dimension, the lowest KK mass of the fermion decreases in size with increasing absolute value of the bulk mass. Therefore we expect that in the RS space-time, a heavy fermion in the 4D effective theory will have large contribution to the effective potential and a light one has small contribution, as we have seen in the CW mechanism. We will demonstrate it is true. Third, we use the dynamical gauge-Higgs unification in the RS space-time to construct a model of the EWGHU with realistic mass spectrum of fermions and a Higgs potential.
The present paper is organized as follows. In Section II, we study the SU(2) gauge model in the RS space-time and evaluate the one-loop effective potentials from the fermion loop and see how the effective potential and the gauge symmetry depends on the bulk muss term of the fermion. In Section III, as an application of the dynamical gauge-Higgs unification in the RS space-time, we reconsider the SU(3) w gauge model as a toy model of EWGHU in the warped extra dimension. Section IV is devoted to the summary and comments. In
Appendix A Approximation formulas of low-energy mass spectrum of fermions are collected.
II. DYNAMICAL GAUGE-HIGGS UNIFICATION IN THE RS SPACE-TIME
We consider the gauge theory in the the RS two-brane model [29] . The RS space-time is a slice of five-dimensional anti-de Sitter space-time AdS 5 , and the metric of the RS space-time can be written as
where the five-dimensional coordinates are
and µ, ν = 0, 1, 2, 3). η µν is the 4-dimensional metric and η µν = diag(+1, −1, −1, −1). We assume that the function σ(y) has the periodicity σ(y + 2πR) = σ(y) and the reflection symmetry at σ(y i + y) = σ(y i − y) (i = 0, 1) with y = y 0 ≡ 0 and y = y 1 ≡ πR, where R is the compactification radius. In the present paper we assume that R is already fixed by some mechanisms (e.g. Goldberger-Wise mechanism [44] ). For −πR ≤ y ≤ πR, we write σ(y) = k|y|, where k is referred as the curvature of the AdS 5 . Two boundaries y = y 0 and y = y 1 are referred as "Planck brane" and "TeV brane", respectively.
We consider a SU(2) gauge theory in this space-time. We also include a Dirac fermion Ψ in the fundamental representation, or Λ in the adjoint representation. The action of the gauge field and the fermion in the bulk space-time can be given by S gauge + S Ψ(Λ) , where S gauge and S ψ , (ψ = Ψ, Λ) are given by
where F M N is the field strength : ǫ(y) = +1(−1) for y > 0 (y < 0). We decompose a field Φ ad in the adjoint representation and
As a gauge fixing, we choose the background gauge. We separate the gauge field into 
where ω M is the spin connection and ω 1, 2, 3) , and other components vanish. We expect only y-component of the gauge field can have non-vanishing vacuum expectation value(VEV), i.e., A c M = δ y M A y . By choosing appropriate gauge fixing term [31] and corresponding ghost term in the action, we obtain the quadratic action of A q M and the ghost field ω :
where 2 ≡ ηmn∂m∂n (m,n = 0, 1, 2, 3) 
For a field Φ we obtain non-zero mode (m Φ = 0) solutions for (13), (14), (15), (16) into the form of
with s Φ = {1, 1,
At the two boundaries y = y i (i = 0, 1), we define the Z 2 boundary conditions, namely, the odd boundary condition: Φ(x µ , y i − y) = −Φ(x µ , y i + y) and the even boundary condition:
, when Φ is the gauge boson or the ghost. For fermions ψ = Ψ, Λ, we should write Z 2 boundary conditions as
where η 2 ψ = 1. For the KK mode functions f Φ,n (y) ≡ f Φ,n (e σ(y) ), the odd boundary conditions can be written as
whereas even boundary conditions take the form of [36, 40] :
where r Φ = 1, 2 and ±c for Φ = A µ , A y and ψ R,L , respectively. It would be convenient [34] to rescale the KK mode functions (17) and to defině
whereα Φ = 1, 0, and 1/2 ± c for Φ = A µ , A z /z and ψ R,L , respectively. 4 With (21), we can rewrite even boundary conditions (20) into the form of ∂ zfΦ (z) = 0.
In this model, the extra-dimensional components of the gauge field A y can develop a nonzero vacuum expectation value (VEV) A y . Furthermore, since the non-simply connected topology of the extra dimension of the RS space-time, we cannot gauge away the Wilson-line phase : exp(ig
. This phase can change the boundary condition and therefore can change mass spectrum of fields due to Aharonov-Bohm effect [47] . To see this, in the following we will consider one of the simplest but non-trivial case. In the beginning, we turned off gauge VEV and impose a Z 2 boundary condition on the theory. It is
hereP 0 =P 1 = σ 3 . This boundary conditions (22) we can set Ã y in the direction of A (2) y . As a zero-mode solution of (14), we set gauge VEV as
where v is a constant parameter. The U(1) 3 gauge symmetry can be broken, if v = 0 and if the Wilson line phase W = exp(i
does not commute with the generator of the U(1) 3 : σ 3 /2. In the following we refer the gauge which is represented by non-zero VEV (23) and Z 2 boundary condition (22), as the "Aharonov-Bohm gauge" or the AB-gauge.
By using a gauge transformatioñ
we move to an another gauge A z = 0. The boundary condition of the gauge fieldsP i are also changed to P i :
by the gauge transformation:
Thus we find that in this gauge the gauge field A In the analogous way, we can set boundary conditions and perform gauge transformations of fermions. We can write the boundary conditions of Ψ and Λ in the AB-gauge as
with η 2 Ψ,Λ = 1. For simplicity, hereafter we set η Ψ = η Λ = +1. In the BC gauge, since the gauge VEV A z vanishes, we can solve the wave equations (13)(14)(15)(16) ,3) . As an example, we consider the righthanded fundamental fermion Ψ
(1,2) R with bulk mass c. In the BC gauge, wave functions take the form of
where a n and b n are constant, and we setm (1) n =m (2) n ≡m n . By solving twisted boundary condition in BC gauge (or by going back to AB gauge by gauge transformation Ψ →Ψ = ΩΨ, with Ω = (Ω) −1 and considering the even (odd) boundary condition of f
R ) at z = z 0,1 ), we obtain conditions:
In the same way we can write the boundary condition of Ψ
L,R . These boundary condition can be written in the form of
where
Φ , a
Φ , b
L,R , and
where α = 1, 0, c + 1/2 and c − 1/2 for A µ , A z , ψ R and ψ L (η ψ = +1), respectively. s i and c i are defined by
The factor n Φ depends on Φ's representation of the gauge group. In SU(2) case, n Φ = 1 (2) when Φ is in fundamental (adjoint) representation. The n-th Kaluza-Klein state of the field Φ has a mass m Φ,n = km Φ,n , where them Φ,n are defined as a n-th smallest solution of the equation:
, for various θ and for |c| = 1/2 (left), |c| = 1/4 (center) and |c| = 0 (right) with fixed kR = 12. The n-th zero x n of N (θ, x/z 1 , 1 2 + c) corresponds to the n-th KK-mass m n by the relation m n = kx n /z 1 . (where
where α Φ and n Φ are given by
Let x n (α, θ) be the n-th smallest non-negative zeros of N(θ, x/z 1 , α). Thus, the n-th KaluzaKlein mass of the field Φ : m Φ,n is given by
In FIG. 1 we plot
with kR = 12. We see that the mass spectrum largely depends on θ when |c| is small, whereas the dependence on θ become smaller for larger |c| (here we note that N(θ, x, α) has a symmetry N(θ, x, α) = N(θ, x, 1 − α), as shown in Appendix B of [34] ). 6 From the dependence of x n (α, θ) as we have seen above, we can expect that the the effective potential, which is obtained by summing up all of the Kaluza-Klein mode, has large (small) dependence on θ when |c| is small (large).
We evaluate the 1-loop effective potential in a similar way as [28] . As an example we calculate the one-loop contribution of a fundamental fermion Ψ. This is given by 
Here the summation n m −s n can be rewritten as a contour integral:
where the path C is a set of all circles surrounding each zeros of N(θ, z, 1 2 +c Ψ ) on the positive real axis. The contour integral in (40) can be calculated in a similar way to [30, 31, 46] . We find that θ-dependent part of I is finite.
where v(θ, ν) is defined by
with a ≡ 1/z 1 . This function v(θ, ν) has a symmetry v(θ, ν) = v(θ, 1 − ν), and a periodicity
The function (42) with ν = 1 becomes the same form as the integral in Eq. (18) of [31] . Furthermore, when ν = 1/2 we can rewrite v(θ, 1/2) as
Re Li 5 (e iθ ) − 45 2048 IV of Ref. [30] . The shapes of v(θ, ν) with respect to θ with different ν are similar with each other (FIG. 2) . We show dependence of amplitude ∆v(
In the case of flat extra dimension it is known [10, 18] that the contribution to one-loop effective potential from a field dumps when the bulk mass of the field is much − c, θ). From FIG. 4 , it can be safely said that the magnitude of the one-loop contribution to the effective potential is proportional to the square of the lowest KK mass of the fermion when the absolute value of bulk mass of the fermion is sufficiently large. This means that when the fermion's lowest-KK mass is small (large) the contribution of the fermion to the effective potential is small (large). Now we are ready to discuss the gauge symmetry breaking by Wilson line phase. The effective potential of the SU(2) model consists of gauge and ghost loop contribution V gh , contribution from the fundamental fermion Ψ V fd and/or in adjoint fermion Λ: V ad . They are given by (θ-independent part is omitted.),
where C ≡ (k/z 1 ) 4 /32π 2 . In the AB gauge, the SU(2) gauge symmetry is at first broken by the boundary conditionsP 0,1 . The generator T [6, 27] . And the pattern of the symmetry-breaking depends on the bulk mass of the fermion, as seen in [18] in the case of the flat extra dimension.
III. SU(3) MODELS
In this section we consider models with the SU(3) w gauge symmetry in the RS as an extension of electroweak theory.
A. SU (3) w model
In this model, the electroweak SU(2) × U(1) gauge symmetry is enlarged to the SU(3) w gauge symmetry. We define generators of SU(3) w as T a ≡ λ a /2 (a = 1, ..., 8), where λ a are the Gell-Mann matrices. We also define T 9 ≡ λ 9 /2 and T 10 ≡ λ 10 /2 (λ 9 ≡ diag(0, 1, −1) and
as generators of U(1) 9 and U(1) 10 gauge symmetries, respectively.
Following the way in [15, 16, 17, 34] , we introduce SU(3) w -triplet fermions, namely "quarks" Ψ fd=u,c,t , and "leptons" Ψ fd=e,µ,τ :
where the superscript (c) denotes the SU(3) color -charge. For simplicity, we introduce the bulk mass terms of Ψ fd fields in the diagonal form, i.e., the mass terms for fermions in the action is given by
in SU(3) w gauge basis. c fd is the bulk mass parameter of the fermion Ψ fd . If the mass matrix is not diagonal, various phenomena of the flavor-mixing will be observed [45] .
In order to break the SU(3) w to the "electroweak" SU(2)×U(1) symmetry, and to obtain chiral fermion zero modes, we chose the orbifold boundary condition in the AB-gauge as
When we turn off the gauge VEV A z = 0, the SU(3) w symmetry is broken to SU(2) w × U(1) 8 only by the boundary condition (47), where the unbroken generators of SU (2) w and U(1) 8 are T (1, 2, 3) and T (8) , respectively. Gauge fields A (1, 2, 3, 8) µ and A (4, 5, 6, 7) z have massless modes. Zero modes of the fermions Ψ u,0 and Ψ e,0 are given by
where the superscript C denotes the charge conjugation (here we omitted indices for the color charge). The zero modes of A (4, 5, 6, 7 ) z can develop a VEV. Here we assume that A z develops a VEV in the direction of λ 7 . In the AB-gauge, we set
where θ H is the Wilson-line phase parameter which will be determined dynamically. Once the gauge VEV is turned on : θ H = 0, the SU(2) w symmetry is broken, and "up type quarks" u, c, t and "charged leptons" e, µ, τ get each mass terms through the gauge coupling, i.e.,Ψ u gÃ (7) z Ψ u . We can move to the BC-gauge by the singular gauge transformation with 7 We choose η Ψ = +1.
Ω = exp(iθ H λ 7 ). This gauge transformation reads
Thus under the gauge transformation Ω, A
and Ψ (2, 3) transform like a SU (2) fundamental field respectively, whereas A (9,6) M transforms like SU (2) adjoint field in the previous section. Each pair of the gauge field zero modes (A (2, 5) , (9, 6))) and fermion zero modes (Ψ (2) fd,L,0 , Ψ (3) fd,R,0 ) can obtain mass terms through the gauge coupling. We define these massive field as A
and Ψ (2↔3) , respectively. Zero modes of A (10) µ , A
z and Ψ (1) fd,0,L remain massless. Especially, A
µ,0 and A (7) z are identified with the U(1) 10 gauge field ("photon") and one of the SU(2) w -doublet "Higgs", respectively. These fields are massless at tree level.
The n-th KK masses m Φ,n of a field Φ are given by m Φ,n = (k/z 1 ) · x n (α Φ , n Φ θ H ), where α Φ and n Φ for a field Φ are summarized in (53).
Now we discuss about the fermion masses in the 4-dimensional effective theory. We define the function of the lowest KK mass of a field Φ µ(α Φ , θ H , n Φ ) as
As pointed out in [34] , it is useful to write the mass of the fields in unit of the W-boson mass m W . We rewrite µ(α, theta, n)) as
here we have used m W = µ(1, θ H , 1). With these quantity we can write the lowest KKmass of fields. For example, masses of "quark" and "lepton" m fd=u,c,t,e,µ,τ can be written as
If the mass of a field is sufficiently smaller than m KK ≡ πk/(z 1 − 1), we can utilize approximation formulas in Appendix A. For kR = 12, πm W /m KK ≈ x 1 (1, θ) 0.2326. In the region 0 ≤ θ H ≤ π, m KK is a monotonically decreasing function of θ H , and we find the lower bound :
Since quark and lepton masses are all sufficiently smaller than m KK 's lower bound (56), we can use approximation formulas in Appendix A to rewrite the mass of a fundamental fermion with bulk mass c fd . It is written in the form of
We see from (57) that masses of "quarks" and "leptons" are almost independent of θ H .
Therefore we can find values of bulk mass c fd for each "quarks" and "leptons" from its 4D mass irrespective of the value of θ H which is obtained by solving the Wilson-line dynamics.
Thus, from the formula (57), we obtain bulk masses of "top quark" c top and other "quarks"
and "leptons" [34] . We obtain c top ≃ 0.4366 and |c u,c,e,µ,τ | > 0.6, respectively. In the way similar to [15, 16, 17] but extended for the warped space-time, we obtain the effective potential:
where we have neglected contributions from other quarks and leptons, because they have small contributions to the effective potential with their large bulk masses. The factor 3 in V top reflects the degrees of freedom of SU (3) color -color charge. The effective potential V gh+t eff has the global minimum at θ H = π. The Wilson-line phase with θ H = π (in AB-gauge) is
and it can commute with both of boundary conditionP 0,1 and with both of two U (1) generators T (10) and T (9) simultaneously. Hence the SU(2) w × U(1) 8 symmetry is broken to U(1) 9 × U(1) 10 . Besides the "electro-magnetic" U(1) 10 , one extra U(1) 9 symmetry remains unbroken.
When the effective potential V eff (θ H ) has the global minimum at θ H = θ min H , the one-loop Higgs mass m h is written in terms of m W as
where α W is 4D fine-structure constant of SU (2) before the symmetry breaking 8 , and
By substituting m W = 80.4 GeV, α W = 0.032,
and θ min H = π into (62), we obtain m h ≃ 119.7GeV. This value is slightly larger than the lower-bound m h ≥ 114GeV from the LEP experiment [48] .
B. SU (3) model with an adjoint fermion
In this subsection, we add an SU(3) w adjoint fermion Λ into the model to break unwanted U(1) 9 symmetry. 9 When we turn off the gauge VEV in the AB-gauge, the Z 2 boundary conditionsΛ(y i − y) = γ 5PiΛ (y i + y)P † i withP i=0,1 defined in (47) . This boundary condition projects out the half of the zero mode of Λ (1−8) , and leaves the four left-and four righthanded massless fermions. Once we turn on the gauge VEV in the direction of λ 7 , pairs of left-handed and right-handed fermions (Λ
R ), and pairs with opposite chiralities (e.g. (Λ
respectively. The n-th KK mass the field
where α Φ and n Φ are
8 The 4-dimensional coupling is given by g 2 4 = g 2 /πR. 9 One of another way to break the symmetry is to assign quarks and leptons into larger representations of SU (3) w , as discussed in [24] .
with c ad being the bulk mass parameter of the adjoint fermion Λ. With these values we obtain the contribution to the effective potential from the adjoint fermion, which is given by
Hence the total effective potential is given by . The Z-boson mass m Z is given by
The ratio m Z /m W depends on the Wilson-line phase θ H and, is a monotonically-decreasing function of θ H for 0 ≤ θ H ≤ π, and vanishes when θ H = π. The massless gauge boson which appears when θ H = π is the gauge boson A
µ of U (1) [1, 19, 20] . In the case of the warped extra dimension with
, whereas in flat dimension m Z ∝ 2θ H and m W ∝ θ H . When k → 0, the small correction to the approximation in Eq. (66) becomes no longer negligible. Thus we can expect that in the small k limit the ratio m Z /m W approaches to one in the case of flat extra dimension. We should note that the change of m Z /m W occurs at tree level by varying θ H , unlike the radiative correction to the T -parameter.
Now we estimate the lowest KK-masses of fermions Λ (i↔j) , (i, j) = (1, 4), (2, 5) , (6, 9) :
ad . Recalling Eqs. (A2) and (A3), we obtain m
and m
We should note that a relation m ad1 /m ad2 ≃ m Z /m W holds as long as all m ad1,ad2,Z,W are sufficiently smaller than m KK . Two massless fermions with opposite chirality: Λ
L,0 and Λ
R,0 remain at tree level. As an another physical quantity we can obtain the n-th Kaluza-Klein photon m γ,n mass which is given by m γ,n = (k/z 1 )x 
C. Adding Scalar Fields
The action of a bulk scalar field S can be written as [40] 
where s S and t S are the bulk and boundary mass of the scalar field S, respectively. 10 When s S and t S satisfy the relation:
the KK-mass spectrum of such scalar becomes identical to a fermion field with the bulk mass c = ±(ν − 1/2), and the contribution to the effective potential par degrees of freedom turns out to be just same magnitude but with opposite sign as the one from the fermion in the same representation of SU (3) w . Hereafter we consider the case where boundary-and bulk-masses of scalar fields satisfy the condition (68).
Now we propose a way to lift up (put down) the Z-boson mass (θ min H ) by introducing scalar fields into the model. We add one or more scalar fields S a f (f = 1, . . . , N s , a = 1, 2, 3), which are in the fundamental representation of SU (3) w , into the model. The contribution to the effective potential from such scalar fields is given as
where b f (f = 1, . . . , N s ) are mass parameters of the scalar S a f and related with the boundary and bulk mass parameters t S f , s S f by t S f = b f ∓ 3/2 and s S f = b 
where we have introduced a dimensionless parameter ξ = ξ(b f ), 0 ≤ ξ An alternative way to shift the Z-boson mass in the SU(3) w model is to introduce one or more "twisted fermions" ψ tw , which boundary condition is twisted even in AB-gauge. As an example, we consider the case where ψ tw is in the fundamental representation of SU(3) w .
As a possible boundary condition of ψ tw in the AB-gauge, we definẽ
whereP i is defined in (47) and η tw = ±1. When we introduce N t copies of such twistedfermions ψ i tw (i = 1, ..., N t ) with ϕ = π into the model, the contribution to the one-loop effective potential induced from such fermions is given by
where c i tw is the bulk mass parameter of ψ i tw . Since v(ν, θ + π) ≈ −v(ν, θ), we can make use of the result of Sec. III C by replacing V scalar in (70) with V tw and N s /2 with N t .
IV. SUMMARY AND COMMENTS
In the present paper, we investigated the dynamical gauge-Higgs unification in the RS space-time. In Sec. II we consider the SU(2) gauge theory in the RS space-time. We calculate one-loop effective potential with respect to the Wilson-line phase. Especially we clarified the contribution from a fermion with the bulk mass parameter c. The obtained effective potential properly inter/extrapolates the results which are known for |c| = 0, 1/2. We see that the gauge symmetry can be broken by dynamically-induced Wilson line when we introduce an adjoint fermion into the model and that the breaking pattern of the gauge symmetry depends on the bulk mass of the adjoint fermion.
In Sec.III we consider SU(3) w gauge models in the RS as toy models of 5D extensions of the electroweak theory. We found that it is possible to break SU(2) × U(1) to U (1) by introducing an adjoint fermion. The large mass hierarchy among quarks and leptons are naturally obtained by adjusting their bulk mass parameters of the order of unity. We calculate one-loop Higgs mass numerically. In the SU(3) w model the Higgs mass can be changed from zero to ∼ 290 GeV with kR = 12.0. We have also estimated mass spectrum of this model for various value of mass of the adjoint fermion, which are determined by the RS parameter kR and bulk mass parameter of the adjoint fermion. Interestingly, these predicted masses of Higgs and new fermions are in the range where LHC experiment can explore. In this model, we see that the ratio of W -boson mass to the Z-boson mass varies with respect to the Wilson-line phase. This occurs at tree level. We find the way to tune the ratio m Z /m W to satisfy the realistic one ∼ 91.2/80.4, by introducing SU(3) w fundamental scalar fields with the bulk and boundary mass terms which satisfy the relation (68), or fermions with twisted boundary condition. Unfortunately, the SU(3) w model still has some problems, e.g., varying m Z /m W may occur due to the lack of custodial symmetry in this model, some SM and non-SM fermions remain massless, and quarks and leptons cannot have correct isospin and hypercharge simultaneously. To obtain a more realistic model of the EWGHU in the RS space-time, the choice of the enhanced electroweak symmetry and the assignment of matter contents should be reconsidered.
We have seen that in the SU(3) w model a quark with small bulk masses has a heavy lowest KK state 11 , and that such heavy fermions have large contribution to the effective potential of Higgs because of the smallness of bulk masses. The converse is also true; fermions with large bulk mass term have light lowest KK masses and have small contributions to the effective potential. It remind us the qualitative similarity with the CW mechanism; In CW mechanism the contribution to the Higgs potential from a heavy quark loop is large because a heavy fermion has large Yukawa coupling to the Higgs field. However, we have to note that in the dynamical gauge-Higgs unification the quadratic divergence of Higgs mass is absent, thanks to the gauge symmetry in the higher-dimensional space-time. 
